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GEAR TOOTH AND EXTERNAL GEAR PUMP 

The present invention relates to a gear tooth and to a 
pump, especially an oil pump equipped with corresponding 
gears. 

More precisely, this invention has as its object a gear 
tooth provided with a root that is concave at its point of 
separation from the root of the neighboring tooth, and with a top 
joined to the said root. 

This tooth is used preferably but not exclusively in an 
external gear pump provided with at least one pair of mutually 
meshed toothed pinions. 

Such a pump, which is also the object of the invention, 
can be used in an internal combustion engine, but the invention 
is also applicable to all external gear pumps. 

The oil pumps used in engines are of two types: external 
gear pumps with straight or spherical involute teeth, and internal 
gear pumps, with straight trochoidal or spherical involute tooth 
profiles. 

Modern generations of engines, and especially those of 
their accessories, place greater demands of oil flow and 
pressure on the pumps used. Moreover, the limits on space 
requirement within the engine environment are becoming 
increasingly tighter. 

The conventional methods adopted to increase the 
hydraulic performances of gear pumps are in particular increase 
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in the pump speed, increase in the height of the pump gears, 
reduction of the hydraulic backlash or increase in the number of 
pinions. 

Nevertheless, oil pumps have low volumetric efficiencies 
at low speed, so that they are generally overdimensioned at 
high speed, and it is often necessary to discharge a large part - 
even as much as half - of the oil pumped at high speed via a 
discharge valve. 

Different toothing profiles exist for external gear pumps. 
The standard geometry, of the straight spherical involute 
toothing type, has modest performances. In fact, any attempt to 
increase the volume of oil displaced by optimizing the tooth 
profile rapidly runs into problems of different constraints. The 
possibility of increasing the outside diameter of the tooth is 
limited by the small thickness thereof and by the risk of having 
an overly pointed tooth. In addition, elongation of the tooth 
results in a disadvantage for continuity of meshing, especially at 
the root of the tooth. Finally, the interference between the base 
circle and the root of the tooth also suffers from elongation 
thereof. 

A traditional tooth profile for a gear pump comprises a 
trochoidal concave base followed by a spherical involute top. 

It has already been proposed to improve the 
performances of an external gear pump by abandoning the 
spherical involute profiles in favor of other profiles such as 
epicycloids or hypocycloids joined to the primitive circle of the 
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toothed gear, or in other words to the theoretical circular line 
that rolls over an equivalent line of the opposite tooth. 

However, the gains achieved in this way compared with 
traditional toothings are insufficient. Moreover, by deviating 
therefrom, difficult technical choices and an increase in 
manufacturing costs are rapidly encountered. 

The objective of the present invention is to increase the 
volume of oil displaced between the teeth by optimizing their 
profile without harming the continuity of meshing. More 
precisely, the sought objective is to increase the flow, pressure 
and volumetric efficiency at low speed in a gear pump, without 
increasing its space requirement. 

With this objective, the invention proposes that the top of 
each tooth be provided with two convex sectors joined by a 
transition point defining a discontinuity in curvature. 

The second active point of the profile thus defines the 
bottom of a notch made in the tooth profile. 

According to a preferred embodiment of the invention, the 
first convex sector of the top of the tooth has a spherical 
involute profile. 

Finally, the pump proposed by the invention is provided 
with two toothed gears, which may or may not be identical. 

Other characteristics and advantages of the invention will 
become clearly apparent upon reading the description 
hereinafter of a particular embodiment thereof with reference to 
the attached drawings, wherein: 
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- Fig. 1 represents a sectional view of a tooth of a toothed 
gear according to the invention, 

- Figs. 2A to 2F illustrate the meshing of two gears of the 
pump, and 

Figs. 3A and 3B demonstrate the advantages achieved by 
the invention. 

Fig. 1 demonstrates the two main parts of tooth 1, namely 
its root 2 and its top 3, joined by an active transition point 4. 
Root 2 has a concave shape, and it is joined at its origin 6 to the 
root of the neighboring tooth (not shown in Fig. 1). 

According to the invention, the top of the tooth has two 
convex sectors 7, 8, joined by an active transition point 9, 
defining a discontinuity in curvature. Transition point 9 defines 
the bottom of a notch made in the tooth profile. 

According to another characteristic of the invention, 
convex sector 7 following first transition point 4 has a spherical 
involute profile. This spherical involute profile therefore extends 
between the two active transition points 4 and 9 of tooth 1 , and 
it constitutes a first convex sector of root 2. 

Second convex sector 8, or convex extension profile, 
which follows point 9, can also have a spherical involute profile, 
although this particular configuration is not imperative and it is 
possible to envision other extension profiles for this second 
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convex sector without departing from the scope of the invention. 

Finally, the top of the tooth has a rounded end sector 1 1 , 
joined to the second convex sector 8 by a transition sector 12. 

The tooth is symmetric, and the shape of end sector 1 1 of 
the teeth matches that of the concave sector defined by 
juxtaposition of two roots 2 of neighboring teeth, in such a way 
that the end sector of one tooth can roll between two teeth of 
the opposite gear, while maintaining contact therewith until it 
slips away from them. 

Finally, the two toothed gears of the pump can be 
identical, and this characteristic adds a considerable advantage 
for the proposed pump in terms of process and of 
manufacturing costs. 

Referring to Figs. 2A to 2F (Fig. 2F corresponding to the 
same meshing situation as Fig. 2A for the following teeth), it is 
evident that there are several points of contact between the 
teeth. In these figures the double circles represent what are 
known as the primary bearing points, by which the driving gear 
moves the driven gear, and the single circles represent 
secondary contact points making it possible to ensure 
elimination of operational backlash and continuity of meshing. 

In Fig. 2A, the tooth 1a of a first gear has just passed the 
axis of symmetry of the opposite tooth space. Via its convex 
surface 8, it is in primary bearing relationship (double circle) 
with active transition point 4 of the opposite tooth 1b, while its 
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end sector 1 1 is rolling over concave root 2 thereof. 

After a slight relative displacement of teeth 1a, 1b (Fig. 
2B), it is evident that the two preceding bearing points have 
been displaced and that both are now secondary contact points, 
while the primary bearing point between the two gears is now 
located between end 1 1 of tooth 1 c of the first gear and root 2 
of the following tooth 1d of the other gear. 

In Fig. 2C, the primary bearing point is between convex 
profile 8 of gear 1a and root 2 of gear 1a, while two secondary 
contact points are located between the two gears 1b and 1c, 
respectively between end sector 1 1 of tooth 1 c and the root of a 
new tooth 1d, and between the two convex sectors 7 of teeth 1a 
and 1c. 

In Fig. 2D, the primary bearing point is located between 
convex sector 7 of tooth 1c and active transition point 4 of tooth 
1d, while the top of gear 1c is rolling in the transition zone of 
teeth 1a and 1d. 

The end sector continues to roll over root 2 of tooth 1a, 
while the primary bearing point is located between active 
transition point 4 of tooth 1d and convex sector 7 of tooth 1c 
(Fig. 2E). 

Finally, in Fig. 2F, the situation is once again analogous to 
that of Fig. 2A, but in this case between teeth 1c and 1d. 

These figures demonstrate an important characteristic of 
the invention, wherein first transition point 4 of one tooth rolls 
over first convex sector 7 of a tooth of the opposite gear. 
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Similarly, they demonstrate that a given active point of one tooth 
is successively a primary bearing point and a secondary contact 
point in the course of meshing. Finally, as indicated in the 
diagrams, the teeth of both gears are in contact over more than 
one tooth pitch during meshing. 

Fig. 3A shows the very large increase of tooth-space 
volume displaced compared with a traditional spherical involute 
tooth, by virtue of elongation of the tooth height and of 
enlargement of the gap between the teeth. 

Fig. 3B is a theoretical figure showing the different 
trajectories of several points of the inventive tooth profile in the 
tooth space of the mating pinion, with a pronounced elongated 
epicyclic effect permitting the large increase of displaced 
volume. 

In conclusion, it must be emphasized that the inventive 
tooth profile has the feature of combining spherical involute 
sectors, whose advantages are already known, with rolling 
sectors having special profiles. This combination simultaneously 
ensures continuity of meshing, a sufficient path of toothing 
contact and a very large increase of displaced oil volume. In 
particular, the inventive tooth profile permits a gain in flow, 
especially at low speed, on the order of 30% to 40% compared 
with the traditional spherical involute toothing of pumps. 



